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ABSTRACT
This paper describes the general moisture conditions and the annual and seasonal trends of temperature, precipitation,
potential evapotranspiration and aridity/humidity index from 1971 to 2000 in China. Observed climatic data from
616 meteorological stations over China’s land surface were used. Potential evapotranspiration was calculated by the
Penman–Monteith model with a modified net radiation part to accommodate China’s unique climatic conditions.
According to the aridity/humidity index, a ratio of potential evapotranspiration to precipitation, four moisture regional
types were delineated gradually from the southeast to the northwest, i.e. humid, subhumid, semiarid and arid throughout
China. Linear regression was performed on the 30-year time series of the four climate factors in order to detect possible
trends. The results confirm the obvious spatial and temporal difference of climate trends. Surface air temperature has
increasing trends almost all over China especially in winter. Most stations are statistically significant. Annual precipitation
shows increasing trends at more than half of the stations, and the increasing trends mainly occur in summer and winter
while the decreasing trends occur in spring and autumn. However, most stations are not statistically significant. Potential
evapotranspiration has decreasing trends in most stations and nearly half of the stations are statistically significant. Annual
aridity/humidity index shows primarily decreasing trends with a distribution nearly the same as the increasing trends of
precipitation. The index has the decreasing trends in spring and summer and the increasing trends in autumn and winter.
The results suggest that it is necessary to consider precipitation and potential evapotranspiration simultaneously to describe
the moisture conditions exactly. Copyright  2005 Royal Meteorological Society.
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1. INTRODUCTION
Governments, scientific societies as well as common people have paid much attention to global climate change
because adaptation to and mitigation of climate change are related to different sectors’ development. Observed
evidence shows that regional climate changes have influenced different natural systems in many places of
the world, such as glacier recession, permafrost melting, later freezing and earlier breakup of ice on rivers
and lakes and crop growing season lengthening in mid-to-high latitude (McCarthy et al., 2001). The point at
which change is detected in a climate variable is the point at which the observed global mean trend (signal)
unambiguously rises above the background natural climate variability (noise) (Joyce et al., 1999).
Under increased greenhouse gas concentrations, some general circulation models (GCMs) and other analyses
of observational data in global or regional context for different time periods have been performed usually on
temperature (e.g. Rowntree, 1998; McGuffie et al., 1999; Colman and Davey, 2003) and precipitation (e.g.
Hennessy et al., 1997; Suppiah and Hennessy, 1998; Osborn et al., 2000; Degirmendzˇic´ et al., 2004). These
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researches revealed that the global mean surface temperature has increased by 0.6 °C (with a 95% confidence
interval of 0.4 to 0.8 °C) over the last 100 years; the largest increases in temperature have occurred over
the mid-and-high latitude continents of the Northern Hemisphere (Folland and Karl, 2001). Global land
precipitation has increased by about 2% since the beginning of the twentieth century (Hulme et al., 1998).
Regional variations in precipitation are much larger and complicated than those in temperature.
China occupies a vast area and is characterized by diverse soils, precipitation, and land surface with altitude
ranging between −154 and 8848 m, together with the unique Asian monsoon climate system. Increased
awareness about possible climate change and influences has enhanced the need for accurate information on
recent trends of the main climatic elements in China.
Temperature and precipitation changes have been well investigated in China. The results of these studies
show that China’s temperature trend is similar to that of the Northern Hemisphere (e.g. Tu et al., 2000; Zuo
et al., 2004). Precipitation over China has unique and complicated spatial and temporal characteristics for
a given period, such as the past 25 or 50 years, and shows good correlations with the global sea-surface
temperatures (e.g. Zhai et al., 1999; Zuo et al., 2004; Yang and Lau, 2004).
The moisture conditions are a limiting factor affecting plant growth and distribution under certain
temperature (Zheng, 1999). Owing to the changes of global temperature and precipitation over the earth’s
land surface, there is a likelihood of changes in the moisture conditions brought about by an intensification
of the atmospheric hydrological cycle. Changes of the moisture conditions would influence ecological and
agricultural water management, water resource utilization and desertification adaptation. However, so far there
are not so many studies focused on the moisture conditions changes as those on temperature and precipitation.
This is one main deficiency in the current climate change research.
Pan evaporation was earlier used to express the moisture conditions, and it has been observed to decrease
on average over several regions, such as the United States, Former Soviet Union, Eurasia, India and Australia
in recent decades (Peterson et al., 1995; Chattopadhyay and Hulme, 1997; Roderick and Farquhar, 2004;
Hobbins et al., 2004). Pan evaporation, however, is only the maximum atmospheric demand of free water
surface, and not the land surface (Jensen et al., 1990); therefore, potential evapotranspiration is a better
indicator of the moisture conditions of a land surface.
The moisture conditions are a balance between the atmospheric supply (mainly precipitation) and demand
(mainly potential evapotranspiration) of water on land surfaces (Huang, 1959; Chen and Zhang, 1996; Zheng,
1999; Jones and Reid, 2001). In general, the increasing precipitation will result in a higher degree of humidity
in a region where water demand is assumed to be constant. Potential evapotranspiration, which cannot be
measured easily and widely like precipitation, is a synthesized factor influenced by a set of principal climatic
elements, such as temperature, solar radiation, relative humidity and wind speed (Penman, 1948; Allen et al.,
1998). Obviously, the key point in analyzing the change of moisture conditions is to determine potential
evapotranspiration, which will be discussed in our study.
The objectives of this study, based on analyzing the spatial characteristics of annual and seasonal trends
of temperature, precipitation, potential evapotranspiration and aridity/humidity index during the period
1971–2000 in China, are to present the moisture conditions, to clarify climate change in China during
the last three decades and to provide scientific bases for research on climate projections in the future.
2. DATA, MODELS AND METHODOLOGIES
2.1. Data
Daily data including minimum and maximum temperatures, precipitation, wind speed, relative humidity and
sunshine hours were provided by the National Climatic Data Center of China Meteorological Administration.
In order to characterize the present-day climate in a region, good-quality observed meteorological data are
required for a given baseline period. A popular meteorological baseline period is a 30-year ‘normal’ period as
defined by the World Meteorological Organization (WMO). The period 1971–2000 became the new standard
normal period instead of 1961–1990 shortly before the publication of the Third Assessment Report of IPCC
(IPCC-TGCIA, 1999).
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Close examination of the data has shown that there are 616 stations that have good-quality data to meet
the requirement. It must be declared that the meteorological stations are sparse and insufficient in western
China and more observed meteorological data are needed to validate the results.
2.2. Potential evapotranspiration (ETo)
There are many definitions and models of potential evapotranspiration that make it difficult to be understood
and compared (e.g. Penman, 1948; Thornthwaite, 1948; Hargreaves and Samani, 1982; Sun, 1984; Jensen
et al., 1990; Allen et al.1994). It is imperative to find a reasonable potential evapotranspiration model that is
proper in China and comparable with the other regions in the world.
In 1998, the Food and Agricultural Organization (FAO) suggested standardizing the potential evapotran-
spiration model by modifying the Penman–Monteith model that combined mass transfer and energy balance,
took four factors including temperature, solar radiation, relative humidity and wind speed into account and
considered the physiological characters of vegetation. FAO defined a hypothetical reference crop with an
assumed crop height of 0.12 m without moisture limitation, a fixed surface resistance of 70 s/m and an
albedo of 0.23. Such a hypothetical crop has similar mechanism with land surface evapotranspiration, which
ensured that ET o was only a function of climatic factors (Allen et al., 1998). The Penman–Monteith model
modified by FAO (hereafter FAO–PM model) has proved to have a global validity as a standardized reference
for potential evapotranspiration, and can be applied in both arid and humid climates around the world (Walter
et al., 2000; Goyal, 2004). Therefore the FAO–PM model was applied to calculate ET o in this study:
ET o =
0.408(Rn − G) + γ 900
T + 273U2(es − ea)
 + γ (1 + 0.34U2)
. (1)
where Rn is net radiation, G is soil heat flux, γ is psychrometric constant, T is mean surface air temperature,
U2 is wind speed at 2 m above ground surface, es is mean saturation vapor pressure, ea is actual vapor
pressure and  is the slope of saturation vapor pressure curve. The net radiation is of primary importance
for the model and its key is to determine the empirical coefficients of the following formula:
Rn = 0.77 ×
(
a + b n
N
)
Rso − σ
(
T max,K
4 + T min,K4
2
)
(c − d√ea)(e + f n/N), (2)
where σ is Stefan–Boltzmann constant (4.903 × 10−9 MJ·K−4·m−2·day−1), n is actual sunshine duration, N
is the maximum possible duration of sunshine, Rso is the clear-sky solar radiation and Tmax,K and Tmin,K is
the maximum and minimum temperature in Kelvin temperature respectively.
FAO suggests the values of a = 0.25, b = 0.50, c = 0.34, d = 0.14, e = 1.35 and f = 0.35 when there
is no regional revision. On the basis of observations in China, Zuo et al. (1963) obtained a = 0.248 and
b = 0.752 which were then applied to Penman’s ET o model to get c = 0.56, d = 0.08, e = 0.1 and f = 0.9
(Wang, 1981). The coefficients were widely accepted because they fit China’s conditions (e.g. Sun, 1984;
Wang et al., 1988).
The remaining coefficients were calculated using FAO’s standardized steps. For a detailed description of
this method, the readers should refer to Allen et al. (1998).
2.3. Aridity/humidity index
It is widely accepted that climate and vegetation have a close relation. In the time when China lacked
climatic records, vegetation distribution was taken as an indicator of land surface moisture conditions
(Huang, 1959). With the establishment of China’s meteorological observation system, climatic data have
been systematically recorded. Since then, researchers have attempted to find appropriate indicators to describe
moisture conditions. Many regionalization schemes used an aridity/humidity index considering the relationship
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Table I. Defining four moisture regional types by the criteria of Ia
Region Annual Ia Natural vegetation type
Humid Ia < 1.00 Forest
Subhumid 1.00 ≤ Ia < 1.50 Forest-steppe (meadow)
Semiarid 1.50 ≤ Ia < 4.00 Steppe/meadow-steppe
Arid Ia ≥ 4.00 Desert
between precipitation and potential evapotranspiration (Zheng, 1999; Wu et al., 2002). Some studies took an
aridity index to define desertificated regions (e.g. Williams and Balling, 1996).
Following the idea of the ‘eco-geographical region system of China’, this study, after calculating ET o
throughout China for the last three decades, defined aridity/humidity index (Ia) as the reciprocal of Vysotskii’s
humidity coefficient (Budyko, 1956), i.e. the ratio of potential evapotranspiration to precipitation. The
aridity/humidity index was interpolated by the spline method in the geographical information systems (GIS),
and then the moisture conditions were categorized into four types (humid, subhumid, semiarid and arid)
according to the indexes of 1.0, 1.5 and 4.0 (Table I) (Huang, 1959; Zheng, 1999).
2.4. Methodologies
The 30-year time series of temperature, precipitation, potential evapotranspiration and aridity/humidity
index of 616 stations over China were regressed against time respectively. Slopes from linear regression were
used as indicators for climate trends. Positive values stand for increasing trends and negative values stand for
decreasing trends.
The significance of trends was tested by the Mann–Kendall method which is a nonparametric test popularly
used to assess the significance of trend in time series (Sneyers, 1990; Piccarreta et al., 2004).
Four seasons are classified: spring includes March, April and May; summer includes June, July and August;
autumn includes September, October and November and winter includes December, January and February.
3. MOISTURE CONDITIONS IN CHINA
The 30-year-period average value of aridity/humidity index, which integrates potential evapotranspiration and
precipitation, was used to reflect the general moisture conditions of a land surface. Higher aridity/humidity
index indicates more arid conditions in a region. In general, a spatial transition of humidity in the southeast
to aridity in the northwest is shown in China (Figure 1).
4. CLIMATE TRENDS IN CHINA
4.1. Annual trends of temperature, precipitation, potential evapotranspiration and aridity/humidity index
4.1.1. Spatial-averaged annual climate trends. Annual spatial-averaged surface air temperature clearly
shows a warming trend of 0.03 °C per year during 1971–2000 in China. Spatial difference ranges from
−0.07 to 0.13 °C/a over China. The annual precipitation has increased at a rate of 0.57 mm/a in China as a
whole and the range of spatial difference is −11.91 to 16.78 mm/a. Annual ET o shows a decreasing trend of
about −1.33 mm/a and is from −15.55 to 9.56 mm/a spatially. The annual trend of aridity/humidity index is
−0.02 per year, which indicates a slightly decreasing trend and the spatial difference ranges from −2.49 to
1.47 per year. Areas that are becoming more humid or arid are regions where the time series of annual Ia
demonstrate a decreasing or an increasing trend.
Some selected stations that are distributed evenly in the research area are listed by altitude in Table II, with
a geographical representation in Figure 1.
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Figure 1. Moisture conditions in China during 1971–2000
The annual climate trends in China during 1971–2000 are described in another way by comparing the
number of stations with different trends (Table III). The results indicate that the majority of the stations (597
stations, 97%) show increasing trends and only 19 stations show decreasing trends. The annual trends of
temperature at most stations are statistically significant, i.e. 52% stations are characterized with a confidence
interval greater than 99%, 71% stations with a confidence interval greater than 95% and 79% stations with a
confidence interval greater than 90%. Precipitation shows increasing trends at more than half of the stations
(348 stations, 56%), while there are only 67 stations (11%) with a confidence interval greater than 90%.
There are 440 stations (72%) with decreasing trends of ET o and slightly fewer stations (28%) with increasing
trends. Statistically, 50% stations have a confidence interval greater than 90%. The annual trends of Ia are
negative at about 64% stations and positive at 36% stations with only 112 stations (18%) with a confidence
interval greater than 90%.
Figure 2 shows six representative stations with different combinations of trends of T , P , ET o and Ia, which
represent the main relationships among the climatic factors, and 88% stations have the figured combinations.
However, the four factors of some stations do not follow the figured relationships in Figure 2. For instance,
ET o and P both show increasing trends and ET o increases faster, Ia should have an increasing trend, but
it shows a decreasing trend unexpectedly, such as the case of Aksu station in Table III. These ‘exceptional
areas’ account for about 12% of the total number of the stations in China.
4.1.2. Spatial distribution of the annual climate trends. Figure 3 shows the spatial distribution of the annual
trends of T , P , ET o and Ia. Temperature has increased almost all over China and stations with decreasing
trends are distributed in Sichuan along the Changjiang River. Stations with decreasing trends of precipitation
are mainly distributed in the southern part of northeast China, the North China Plain, central China and
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Table II. Climate trends at selected stations in China during 1971–2000
No. of
stations
Name Longitude
(°E)
Latitude
(°N)
Altitude
(m)
T
(°C)
P
(mm)
ET o
(mm)
Ia T
trend
(°C/a)
P
trend
(mm/a)
ET o
trend
(mm/a)
Ia
trend
54 753 Longkou 120.3 37.6 4.8 12.29 585.64 896.80 1.53 0.07c −5.71b 4.82c 0.025c
59 954 Lingshui 110.0 18.5 13.9 25.05 1700.21 1223.61 0.72 0.03c 3.54 −1.00 −0.006
59 493 Shenzhen 114.1 22.6 18.2 22.56 1966.51 1077.38 0.55 0.06c 1.95 4.29c 0.002
54 606 Raoyang 115.7 38.2 18.9 12.57 514.01 882.06 1.72 0.04c −2.09 −0.10 0.013
58 608 Zhangshu 115.6 28.1 30.4 17.71 1711.01 827.43 0.48 0.04c 13.64b −3.83c −0.007c
51 573 Turpan 89.2 42.9 34.5 14.47 15.65 858.35 54.86 0.06c −0.03 −9.83c −1.184
58 606 Nanchang 115.9 28.6 46.7 17.68 1624.49 891.37 0.55 0.02c 9.32 −4.23c −0.006b
53 986 Xinxiang 113.9 35.3 72.7 14.22 559.09 831.18 1.49 0.03c 1.57 0.05 0.005
58 715 Nancheng 116.7 27.6 80.8 17.78 1705.02 873.29 0.51 0.02b 9.19 −1.95 −0.005
50 877 Yilan 129.6 46.3 100.1 3.68 555.63 651.01 1.17 0.04c 2.36 −0.61 −0.007
50 844 Tailai 123.4 46.4 149.5 4.95 395.79 810.07 2.05 0.05c 1.65 −2.20b −0.011
57 034 Wugong 108.2 34.3 447.8 13.26 571.98 732.62 1.28 0.04c −4.87 −2.94b 0.008
57 127 Hanzhong 107.0 33.1 508.4 14.38 852.83 670.42 0.79 0.02b −4.91 −0.29 0.006
51 076 Altay 88.1 47.7 735.3 4.60 191.31 752.70 3.93 0.04b 2.77b −3.08b −0.075b
51 078 Fuyun 89.5 47.0 807.5 3.09 189.71 744.00 3.92 0.10c 3.81c 1.52 −0.079c
52 267 Ejin Qi 101.1 42.0 940.5 8.96 35.23 1206.26 34.24 0.06c 0.33 −8.43c −0.668
51 241 Tuoli 83.6 45.9 1077.8 5.38 233.07 830.94 3.57 0.08c −0.26 −3.10a 0.005
53 519 Huinong 106.8 39.2 1091.0 8.87 167.89 985.35 5.87 0.05c −0.18 5.13c −0.054
51 628 Aksu 80.2 41.2 1103.8 10.31 74.86 797.22 10.65 0.04c 0.55 0.97 −0.135
56 763 Yuanmou 101.9 25.7 1120.2 21.48 642.26 1286.93 2.00 −0.02b 3.54 −7.86c −0.023c
51 633 Baicheng 81.9 41.8 1229.2 7.91 120.73 669.80 5.55 0.04c 1.66 −1.61c −0.093a
56 664 Huaping 101.3 26.6 1244.8 19.65 1084.73 1108.41 1.02 −0.02 3.44 −5.37c −0.009b
53 543 Dongsheng 110.0 39.8 1460.4 6.23 381.49 896.14 2.35 0.06c −0.99 −0.29 0.014
56 768 Chuxiong 101.5 25.0 1772.0 16.02 863.63 891.86 1.03 0.05c 5.47 −4.33c −0.011b
56 434 Zayu 97.5 28.7 2327.6 11.89 807.80 757.82 0.94 0.01 2.11 −6.89c −0.012c
52 602 Lenghu 93.4 38.8 2733.0 2.87 16.04 1122.00 69.94 0.02a −0.35 −4.87c 1.467
52 713 Da Qaidam 95.4 37.9 3173.2 1.93 82.71 808.24 9.77 0.04c −0.46 −1.20a 0.034
55 578 Xigaze 88.9 29.3 3836.0 6.49 430.46 916.45 2.13 0.02a 3.93 −2.11c −0.019
55 228 Shiquanhe 80.1 32.5 4278.0 0.50 74.78 915.25 12.24 0.05c −0.54 −1.71b 0.091
55 294 Amdo 91.1 32.4 4800.0 −2.76 435.68 744.68 1.71 0.01 1.60 −3.07c −0.019a
a indicates a confidence interval greater than 90%.
b indicates a confidence interval greater than 95%.
c indicates a confidence interval greater than 99%.
T , P and ET o indicate annual temperature, precipitation and potential evapotranspiration respectively.
southeastern coastal areas, and those with increasing trends are distributed primarily in the vast areas of
northeast China, the west of 103 °E and the lower reaches of the Changjiang River. Most stations show
decreasing trends of potential evapotranspiration except stations in some small areas of the southern part
of northeast China, central China and southeastern coastal areas. The spatial distribution of aridity/humidity
index trends is similar to that of precipitation, i.e. areas with increasing (decreasing) trends of aridity/humidity
index correspond to the decreasing (increasing) trends of precipitation. However, about 15% of the stations
have the same trends of Ia and P and ET o could contribute to this.
4.2. Seasonal climate trends
4.2.1. Seasonal trends of temperature. Temperature displays statistically significant increasing trends over
most regions in all the four seasons and especially in winter with a spatial-averaged trend of 0.05 °C/a. Stations
with decreasing trends of temperature are distributed mainly in southwest China in spring and in the middle
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Table III. Statistics of climate trends in China during 1971–2000
Number of stations
(percentage)
T (%) P (%) ET o (%) Ia (%)
Annual Increasing trend 597 (97) 348 (56) 170 (28) 223 (36)
Decreasing tread 19 (3) 268 (44) 446 (72) 393 (64)
99% confidence interval 323 (52) 11 (2) 173 (28) 25 (4)
95% confidence interval 440 (71) 39 (6) 256 (42) 67 (11)
90% confidence interval 484 (79) 67 (11) 307 (50) 112 (18)
Spring Increasing trend 535 (87) 316 (51) 196 (32) 327 (53)
Decreasing tread 81 (13) 300 (49) 420 (68) 289 (47)
99% confidence interval 55 (9) 2 (0) 107 (17) 6 (1)
95% confidence interval 190 (31) 25 (4) 174 (28) 30 (5)
90% confidence interval 260 (42) 50 (8) 225 (37) 59 (10)
Summer Increasing trend 524 (85) 414 (67) 137 (22) 186 (30)
Decreasing tread 92 (15) 202 (33) 479 (78) 430 (70)
99% confidence interval 106 (17) 11 (2) 100 (16) 15 (2)
95% confidence interval 196 (32) 41 (7) 182 (30) 56 (9)
90% confidence interval 259 (42) 85 (14) 240 (39) 112 (18)
Autumn Increasing trend 595 (97) 181 (29) 274 (44) 410 (67)
Decreasing tread 21 (3) 435 (71) 342 (56) 206 (33)
99% confidence interval 104 (17) 6 (1) 42 (7) 8 (1)
95% confidence interval 218 (35) 38 (6) 164 (27) 38 (6)
90% confidence interval 304 (49) 75 (12) 208 (34) 90 (15)
Winter Increasing trend 602 (98) 389 (63) 239 (39) 322 (52)
Decreasing tread 14 (2) 227 (37) 377 (61) 294 (48)
99% confidence interval 116 (19) 15 (2) 145 (24) 26 (4)
95% confidence interval 406 (66) 61 (10) 207 (34) 64 (10)
90% confidence interval 459 (75) 95 (15) 256 (42) 99 (16)
The bold numbers are dominant climate trends.
and lower reaches of the Changjiang River in summer. There are more stations with increasing trends in
winter than those in the other three seasons, and more stations have significant trends (Figure 4.).
4.2.2. Seasonal trends of precipitation. Over the whole of China, precipitation shows decreasing trends
in spring and autumn, but shows increasing trends in summer and winter, i.e. −0.32 mm/a, −0.85 mm/a,
1.49 mm/a, and 0.25 mm/a, respectively. More stations have increasing trends in spring even though the
spatial-averaged trend is negative. Stations with decreasing trends are the most in autumn than in the other
seasons (71%) (Table III). As for the complicated spatial distribution, precipitation in summer and winter
shows increasing trends mainly in northeast China, northwest China and in the middle and lower reaches of
the Changjiang River. In the middle and lower reaches of the Huanghe River, precipitation shows increasing
trends in spring but shows decreasing trends in summer, autumn and significantly in winter (Figure 5).
4.2.3. Seasonal trends of potential evapotranspiration. Potential evapotranspiration shows decreasing trends
in all the four seasons with −0.41 mm/a, −0.74 mm/a, −0.09 mm/a, and −0.11 mm/a respectively. Summer is
a season when most stations show decreasing trends (479 stations, 78%) (Table III). In general, the decreasing
trends of ET o occur in all the four seasons over the west of 103 °E. Stations with statistically significant
decreasing trends are mainly distributed in north China in spring and in the Changjiang River in summer
(Figure 6).
4.2.4. Seasonal trends of aridity/humidity index. Seasonal trends of aridity/humidity index are −0.27, −0.05,
0.09 and 0.01 per year in spring, summer, autumn and winter respectively. Summer is the only season when
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Figure 2. The annual climate trends at six representative stations in China during 1971–2000. Straight lines denote the linear regression
lines
much more stations show decreasing trends (430 stations, 70%), and autumn is a season when more stations
show increasing trends (410 stations, 67%) (Table III). In spring, the increasing trends are mainly distributed
in central China. The decreasing trends of summer Ia are distributed at most stations and are statistically
significant along the Changjiang River and in limited areas of northwest China (Figure 7).
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Figure 2. (Continued)
5. SUMMARY AND CONCLUSIONS
The four climate factors (temperature, precipitation, potential evapotranspiration and aridity/humidity index)
that determine moisture conditions have some meaningful trends: surface air temperature and precipitation
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Figure 3. Spatial distribution of annual climate trends in China during 1971–2000
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Figure 4. Spatial distribution of seasonal trends of temperature in China during 1971–2000; (a) spring (b) summer (c) autumn (d) winter
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Figure 5. Spatial distribution of seasonal trends of precipitation in China during 1971–2000; (a) spring (b) summer (c) autumn (d) winter
show increasing trends in general; potential evapotranspiration and aridity/humidity index have shown
decreasing trends in China during the past three decades. The specific spatial and temporal variations are
as follows
Surface air temperature has statistically significant increasing trends at most stations. A few stations with
decreasing trends are mainly distributed in (1) Sichuan along the Changjiang River annually (2) southwest
China in spring and (3) the middle and lower reaches of the Changjiang River in summer.
Precipitation shows annual increasing trends in more than half stations. The increasing trends in precipitation
are mainly distributed in northeast China, areas west of 103 °E and the lower reaches of the Changjiang River.
Precipitation has pronounced decreasing trends in spring and autumn but increasing trends in summer and
winter.
Potential evapotranspiration has decreasing trends at most stations. Statistically significant decreasing trends
are mainly distributed over north China in spring and along the Changjiang River in summer. The spatial-
averaged annual trend of −1.33 mm/a in this study using 616 stations during 1971–2000 are less severe than
that of Thomas (2000) who gave an annual trend of −22.9 mm/year/decade using only 65 stations during
1954–1993.
The aridity/humidity index shows primarily annual decreasing trends with a distribution nearly the same
as that of the increasing trends of precipitation; however, in autumn and winter, the index has pronounced
increasing trends. The confidence levels in precipitation and aridity/humidity index are relatively low because
of the complex spatial and temporal changing characteristics of precipitation around the world including
China (Folland and Karl, 2001). The general decreasing trend of Ia can be verified by the earlier study of
Roderick and Farquhar (2004) who showed that much of the Northern Hemisphere’s terrestrial surface has
Copyright  2005 Royal Meteorological Society Int. J. Climatol. 26: 193–206 (2006)
204 S. WU ET AL.
Increasing trend
Decreasing trend
Statistically significant
increasing trend at 0.1 level
30N
25N
35N
40N
45N
(a)
80E
90E
100E 110E
120E 130E
South China Sea
South China Sea South China Sea
South China SeaStatistically significant
decreasing trend at 0.1 level
Increasing trend
Decreasing trend
Statistically significant
increasing trend at 0.1 level
30N
25N
35N
40N
45N
80E
90E
100E 110E
120E 130E
Statistically significant
decreasing trend at 0.1 level
Increasing trend
Decreasing trend
Statistically significant
increasing trend at 0.1 level
30N
25N
35N
40N
45N
80E
90E
100E 110E
120E 130E
Statistically significant
decreasing trend at 0.1 level
Increasing trend
Decreasing trend
Statistically significant
increasing trend at 0.1 level
30N
25N
35N
40N
45N
(c)
(b)
(d)
80E
90E
100E 110E
120E 130E
Statistically significant
decreasing trend at 0.1 level
Figure 6. Spatial distribution of seasonal trends of potential evapotranspiration in China during 1971–2000; (a) spring (b) summer
(c) autumn (d) winter
become less arid according to the decreasing aridity/humidity index over the last 50 years under global climate
change.
The decreasing (increasing) trend of aridity/humidity index means higher arid (humid) conditions. Therefore,
a general warm and humid trend has occurred especially over northeast China, the middle and lower reaches
of the Changjiang River and west of 103 °E annually, and significantly over the Changjiang River and limited
areas of northwest China in summer. In the other three seasons, areas between the middle and lower reaches
of Huanghe River and the middle and lower reaches of Changjiang River have intensified arid conditions all
the times.
Trends of the four climate factors indicate that the increasing temperature does not always result in
more potential evapotranspiration as people expect, and decreasing precipitation may not intensify aridity
conditions. Both precipitation and potential evapotranspiration must be considered when referring to the
moisture conditions of a land surface. The existence of ‘exceptional areas’ are probably because the linear
regression trends of these stations are influenced greatly by one or two extreme values and the changing trend
is not significant, or because they are caused by the complicated and probably nonlinear relationships among
climatic factors. Further careful research is necessary.
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